ABSTRACT. The objective this study was to evaluate the effect of maniçoba supplementation in sugar cane silage with respect to chemical-bromatological composition and the in vitro degradation kinetics of the silage. This experiment was conducted in a completely randomized design with four treatments (maniçoba levels: 0, 20, 30, and 40%) and six repetitions. Silage samples were analyzed for their chemicalbromatological composition, digestible energy, metabolizable energy, total digestible nutrients, in vitro gas production and degradability parameters. The silage with higher inclusion level had better bromatological composition (p < 0.05) than the silage without maniçoba for CP, NDF, ADF and MM (6.49, 56.64, 38 MS) and TDN (65.16% versus 51.11%), respectively. The highest values for gas production were also observed in silage with added maniçoba due to higher NFC content (34.87%). With an increase in the proportion of maniçoba, there was an increase in the soluble a fraction, b fraction, and thus a higher effective degradability of dry matter (46.56%). The addition of maniçoba improves the nutritive value of sugarcane silage.
Introduction
Sugar cane is regarded as an alternative feed for the dry season. The daily cutting of sugar cane for use as fresh forage, however, demands a large amount of manpower. As a result, producers have opted for sugar cane silage as an alternative (Fortaleza et al., 2012) . Besides improving the efficiency of harvesting, sugar cane silage ensures forage availability during periods of food scarcity. However, sugar cane has limited use because of its low crude protein (4%) and minerals, and high alcoholic fermentation when ensiled, compromising the nutritional quality of the food (Nussio, Susin, Mendes, & Amaral, 2009) .
The nutritional deficiencies of sugar cane forage can be reduced with the addition of forage of higher nutritive value, such as maniçoba (Manihot pseudoglaziovii), which has a higher protein content of 20.6% (Silva et al., 2011) . Maniçoba is native to semiarid environments and so is resistant to hot and dry climatic conditions. The cyanogenic glycosides that maniçoba contains are easily volatilized by hay and silage processing. Studies conducted by Carvalho, Queiroz, Silva, and Voltolini (2014) demonstrate the importance of using maniçoba in sugar cane silage to improve the fermentative dynamic. Furthermore, the use of maniçoba represents a better utilization of the forage resources available.
The nutritional quality of food is related, among other factors, to its digestibility. Many attempts have been made to predict the quality of food using laboratory techniques that simulate the process of digestion. Among these, the technique of cumulative gas production provides an estimation of digestibility, the rate of fermentation of different food fractions, and ruminal microbial synthesis (Muniz et al., 2012) . It is a low-cost technique, capable of evaluating a large amount of substrate, and it presents a high correlation with in vivo digestibility.
This study aimed to evaluate the chemicalbromatological composition, the kinetics of in vitro gas production, and the parameters of ruminal degradation in sugar cane silage with increasing levels of maniçoba.
Material and methods
This study was conducted at Embrapa Semiárido and at the Laboratory of Bromatology and Animal Nutrition/Univasf in Petrolina, PE, Brazil. To prepare the silage, 24 silos consisting of plastic buckets of 25 liters' capacity were used. The experiment was conducted in a completely randomized design with four treatments (levels of inclusion of maniçoba: 0, 20, 30, and 40%) and six replications.
The forage was harvested by hand at a phenological stage of 18 months for the sugar cane and 8 months for the maniçoba. It was then separately chopped to particle sizes smaller than 2 cm and compacted by trampling, while maintaining the proper proportions (0, 20, 30, and 40% maniçoba by shoot area throughout to replace the sugar cane, based on the natural matter of both). Each silo was then sealed with a cover and adhesive tape, and kept in a protected area at room temperature.
After 90 days of storage the silos were opened, the ends were discarded, and the material was sampled. The samples were dried in an oven with forced air (55°C for 72h) and ground in a knife mill with a 1-mm sieve, the dry matter content (DM) was determined. Licitra, Hernandez, and Van Soest (1996) . Measurements of neutral detergent fiber (NDF), neutral detergent fiber free from ashes and protein (NDFap), and acid detergent fiber (ADF) were performed according to Van Soest, Robertson, and Lewis (1991) , and hemicellulose (HEMI) was calculated as the difference between NDF and ADF.
A chemical-bromatological analysis of the sugar cane and maniçoba before ensiling was performed according to the methods described below (Table 1) . Table 1 . Chemical-bromatological composition of the sugar cane and maniçoba used in the production of silage. The total carbohydrate content (TC) was calculated by the equation:
as proposed by Sniffen, O'Connor, Van Soest, Fox, and Russell (1992) . The non-fibrous carbohydrates (NFC) were estimated by the equation:
as proposed by Mertens (1997) .
To determine gas production in vitro, it was used the method described by Theodorou, Williams, Dhanoa, McAllan, and France (1994) , modified by Mauricio et al. (1999) . Rumen fluid was collected through a fistula from two Holstein cattle with an average weight of 500 kg, after the animals had been kept on the diet of forage (sugar cane) ad libitum, along with concentrate (based on corn and soybean meal) containing 10% CP to meet the requirement for maintenance of cattle according to NRC (2001) .
To estimate gas production and degradation,1-g samples of silages were packed in nylon bags of known weight and added to fermentation flasks (160 mL) that had been previously injected with CO 2 (three bottles per treatment). To each flask, 90 mL of culture medium (pH 6.9-7.0) and 10 mL of ruminal Acta Scientiarum. Animal Sciences, v. 40, e42569, 2018 fluid and filtrate were added (Mauricio et al., 1999) . Bottles containing only rumen fluid and culture medium were used as controls. The flasks were sealed with rubber stoppers and then incubated. From that point, the pressure of the gases produced by the fermentation of the substrate and accumulated in the bottles was measured using a pressure transducer at 2, 4, 6, 8, 10, 12, 15, 19, 24, 30, 36, 48, 72, 96, and 120h , and the pressure measurements were converted to volumes.
In order to estimate the gas production kinetic parameters of the silage we used the bicompartmental logistic model proposed by Schofield, Pitt, and Pell (1994) , adjusted to cumulative gas production curves, according to equation:
where: V = total volume of gases; Vf 1 = maximum volume of gas production from the fraction of nonfiber carbohydrates; m 1 = degradation rate (%/h) of the fraction of non-fiber carbohydrates; T = incubation time (h); L = lag time (h); Vf 2 = maximum volume of gas production from the fraction of fibrous carbohydrates; and m 2 = degradation rate (%/h) of the fraction of fibrous carbohydrates.
Pressure readings were taken more frequently during the initial fermentation. The degradability of DM was estimated at 2, 6, 12, 24, 48, 96, and 120h of incubation in vitro. To evaluate the potential degradation of dry matter we used the equation PD = a + b(1 − exp × ) proposed by Mehrez, Ørskov, and McDonald (1977) . To determine the effective degradation we used the expression: Ørskov and McDonald (1979) . The passage rate was assumed to be 5% h -1 . Metabolizable energy (ME) was calculated according to Robinson, Givens, and Getachew (2004) as follows: ME (MJ kg DM) = 1.25 + (0.0292 × gas ) + (0.0246 × EE) + 0.0143 × (PB − ADIP) , where gas 24 is the gas production over 24 h of in vitro incubation (mL 0.2 g The results were analyzed by the Statistical Analysis System (SAS, 2003) computer program (Version 9.1), and normality was previously verified by the Shapiro-Wilk test (Proc Univariate); variances were compared by orthogonal contrasts at a significance level of 5% using Proc GLM. As the levels were not equidistant between treatments, PROC IML was used to generate the vectors for each contrast (linear, quadratic, and quadratic deviation). PROC REG determined the parameters of the regression equations if contrast analyses were significant.
Results and discussion
The addition of maniçoba increased (p < 0.05) the content of DM, MM, EE, and CP of the silages compared to the control, with maximum values of 284.7, 45.2, 20.7 and 64.9 g kg -1 DM, respectively, in silage with the highest (40%) maniçoba inclusion levels (Table 2) . The DM content of the fresh maniçoba was higher (320 g kg ), and it provided an increase of 0.08% in DM for each 1% inclusion. However, the dry matter content of the silage was less than in the forage. According to Schmidt et al. (2007) , sugar cane contains high levels of soluble carbohydrates and an epiphytic yeast population responsible for alcoholic fermentation, and this cause excessive loss of DM. Carvalho et al. (2014) succeeded in reducing DM losses by adding maniçoba to sugar cane silages, corroborating the importance of the use of this supplemental forage.
With the addition of maniçoba, the MM content increased linearly. For each 1% addition, MM increased 0.04%. This can be explained by the higher MM content observed in the maniçoba (Table 1) , which is evidenced by the major difference between NDF and NDFap (Table 2) when maniçoba is included in the silage. The inclusion of maniçoba also linearly increased EE content because the maniçoba presented higher EE content before ensiling. Souza et al. (2010) found values of 43 g kg DM of EE in fresh maniçoba and in maniçoba as silage, respectively. Before ensiling, maniçoba showed greater crude protein (CP) than cane, which resulted in a linear increase in this nutrient in the silage. For every 1% inclusion, there was an increase of 0.11% in protein content, so with the addition of 40% maniçoba, the silage showed a CP content of 64.7 g kg DM found in silage made exclusively of cane. However, the amount of nitrogen available for the animals, as measured by ADIN/NT, was not influenced (p > 0.05).
The highest levels of NDFap (702.4 g kg -1 DM) were estimated by the regression equation for silage with 6.7% maniçoba, and this variable may have influenced the content of hemicellulose, which in turn showed its highest value (24.0 g kg -1 DM) with 15.2% maniçoba.
ADF content decreased linearly (p < 0.05) with increasing maniçoba content: for each additional percentage point of included maniçoba, the ADF content decreased 0.25%. However, even for silage with higher maniçoba content, the ADF values were higher than with sugar cane alone. According to Pedroso et al. (2007) , fibrous components become more concentrated in sugar cane silage dry matter due to the loss of soluble carbohydrates during ensiling. Rezende et al. (2009) also observed a linear ADF relationship in sugar cane silage with the addition of potato scrap (0, 7, 14, 21, and 28%). In this case, each percentage unit of added potato reduced ADF by 0.81%.
Cumulative gas production was influenced by the addition of maniçoba (Figure 1) , and the highest values were observed in silage with a higher proportion of maniçoba, indicating potentially more degradation by faster fermentation of NFC and slower of fiber fraction.
There was a difference between treatments (p < 0.05) in the total carbohydrate content (TC) and non-fiber carbohydrate content (NFC) ( Table 3 ). The lowest value of NFC (219.0 g kg -1 DM) was estimated for silage with 11.7% maniçoba. The total carbohydrate content (TC) decreased by 0.17% for each 1% of maniçoba added. This can be explained by the similar decrease in the carbohydrate components already mentioned (ADF and NDF), and by the subtraction of the MM values when calculating CT. Sugarcane silage has fermentation characterized by high ethanol production and high disappearance of soluble carbohydrates, which may lead to losses of dry matter, reduction in nutritive value and high effluent production (Cavali et al., 2010) . The higher ethanol production and effluent losses in cane silage found by Carvalho et al. (2014) , allows us to infer that the soluble carbohydrates initially present in the sugar cane were consumed in the silage process, while the inclusion of maniçoba favored the production of organic acids in detriment to the ethanol production of the effluent losses.
The inclusion of maniçoba improved the fiber quality of the silages, which provided the highest total gas production (V), since only the volume of gas from fibrous carbohydrates (Vf2) increased (p < 0.05), while the volume of gas of non-fibrous carbohydrates was not influenced. The total gas production (V) increased by 0.29% for each 1% of maniçoba added.
The rate of gas production from non-fiber carbohydrates (m 1 ) decreased linearly by 0.001% for each percentage point of additional maniçoba. The same behavior was not observed for the rate of gas production from fibrous carbohydrates (m 2 ), which had its highest value (0.011 mL g -1 DM h -1 ) at the 25% inclusion level. There was a greater total carbohydrate content at that level, and this possibly influenced the result.
Despite its effect on non-fibrous carbohydrates, the addition of maniçoba did not affect the maximum volume of gas production from these components (Vf 1 ). However, the maximum volume of gas production from the fibrous component (Vf 2 ) increased linearly, even though the 40% inclusion level showed lower levels of NDFap, a fact that allows us to infer that the inclusion of maniçoba improves degradability of the fibrous components of sugar cane silage. These results were similar to those found by Moreira et al. (2014) . NFC exhibits high degradability in the rumen and rapid gas production, while cellulose and hemicellulose are characterized by slow ruminal degradation. NFC is readily available for microbial degradation and exhibits a rapid rate of fermentation, while the fibrous carbohydrate must initially be colonized by microorganisms to be degraded, and even then has a slow fermentation rate (Van Soest, 1994) .
With respect to ruminal degradation, there was an increase in the soluble a fraction according to the level of maniçoba inclusion (Table 4 ). The silage with 40% maniçoba had an a fraction 40.9% greater than the silage comprising solely of sugar cane; however, the b fraction was 39.6% lower in this treatment. The a fraction increased 0.36% whereas the b fraction decreased 0.41% for each percentage unit of maniçoba. This can be explained by the fermentation profile, which, in general, is characterized by faster fermentation of NFC, and slower fermentation of the fibrous constituents. The c fraction (undegradable) did not differ between treatments.
The degradation rate of the b fraction (Kd) increased 0.04% h -1 with the addition of 40% maniçoba. Besides presenting the smallest b fraction, the cane silage with 40% maniçoba showed higher Kd values, which explains, in part, the greater degradation under this treatment. Fortaleza et al. (2012) studied the in situ degradability of sugar cane silage treated with chemical additives and bacteria and found approximate DM degradation rates of 0.018, 0.030, 0.050, and 0.026% h -1 for silage with added urea inoculant, sodium hydroxide, and calcium hydroxide, respectively. Adding maniçoba had no effect (p > 0.05) on potential degradability of dry matter (PD), possibly because the silage had the same undegradable c fraction (391 g kg -1 DM). The effective degradability (ED); however, increased 0.48% with each 1% inclusion. These results can be explained by the increase in DM content, the smaller fibrous constituents, and the higher NFC content observed in silage with maniçoba. The highest effective degradability (465.6 g kg DM) of sugar cane silage treated with 1% urea. Sugar cane silage with maniçoba positively influences the performance of animals fed with this silage compared to the control. In evaluating the digestibility of sugar cane silage with Lactobacillus, urea, and agricultural by-products, a higher rate of degradation of the b fraction (0.027% h -1 ) was found (Maeda et al., 2011) , as well as higher consumption (7.54 kg DM d -1 ) in cattle fed with sugar cane silage with inoculants (Maeda et al., 2012) .
The levels of digestible energy (DE), metabolizable energy (ME), and total digestible nutrients (TDN) increased linearly by 0.013%, 0.017%, and 0.378%, respectively, for each percentage unit of maniçoba addition (Table 5) . Ferro, Castro, Zanine, and Souza (2017) found similar behavior of ME (linear increase) although with higher values in sugarcane silage with dehydrated barley residue. According to Campos et al. (2010) , total digestible nutrient content (TDN) is a parameter widely used for quantifying the energy available from food. The TDN value of silage without maniçoba addition (511.1 g kg -1 DM) was similar to those observed by Pedroso, Rodrigues, Barioni Júnior, and Souza (2011a) and Pedroso et al. (2011b) . As maniçoba was added, however, there was an increase in this value, which can be explained by higher levels of CP and higher gas production after 24 h, thus demonstrating the usefulness of maniçoba inclusion in improving sugar cane silage quality. 
Conclusion
The addition of maniçoba improved the nutritional quality and the chemical-bromatological composition of sugar cane silage, and altered the kinetics of gas production. The highest level of maniçoba inclusion (40%) improves gas production as well as the degradation parameters, thereby yielding a higher value for effective degradability of dry matter.
